the 1 in 2,500 year peak ground acceleration (PGA) motion in the horizontal direction. The associated maximum structural acceleration (SA) response of low-to-medium-rise buildings on very soft soils (that amplify ground motions) would be 120%g. In simple terms, buildings in Christchurch should be capable of sustaining a horizontal loading of 120% of its own weight. Meanwhile, a ratio of 0.7 between vertical and horizontal motions has been adopted in the New Zealand standard. Thus, the corresponding vertical motions for collapse limit state become 28%g for PGA and 84%g for SA.
Shaking intensity in Christchurch
Strong-motion data recorded by GNS Science have been processed and analyzed by the United States Geological Survey (USGS, http://earthquake.usgs.gov/earthquakes/), from which the data recorded at six stations within Christchurch (including suburbs) have been obtained for the following illustration. Recorded peak motion values exceeding the design values at collapse limits are shown in bold fonts in Table 1 . It is shown that the recorded motions are on average 50% higher than the design limits for collapse prevention. I have also generated contour maps (prepared by The Generic Mapping Tools, http://www. soest.hawaii.edu/gmt/) that show the spatial distribution of shaking in Christchurch and the surrounding region (Fig. 1) . It is shown that a large area was shaken more severely than the design collapse limits. Thus, the chance of survival of buildings in the region could only count on various intrinsic conservatisms embodied in structural design assumptions.
Some may attribute the strong motions to uncertainties in the ground motion estimates and in the characterization of the potential earthquake sources. In my opinion, the Z-factor contour map of New Zealand should be regarded as a reliable reference, as it reflects the state-of-the-art knowledge and has incorporated various sources of uncertainties. Thus, the question to be posed is ''shall we design our infrastructure to resist earthquake motions with a probability of exceedance lower than 2% in 50 years?'' It is the perception of earthquake probability of the general public and that of the policy makers that counts. This is of particular concern in regions that are subject to the underrated risk of low-probability high-consequence earthquakes. One may want to know whether such situation is an isolated case, which rarely occurs. In fact, similar situations have been repeated in other countries in the recent past. Two cases are cited in below. Before 1995, Kobe, Japan, had been considered as having very low risks of being affected by a damaging earthquake. On January 17, 1995, a M6.8 earthquake struck Kobe causing a death toll of 6,000. Some 56,000 buildings were totally destroyed, and 110,000 buildings were severely damaged. The recorded horizontal PGA was 50-90%g, which was on average 100% greater than the design values (Chandler 1997) .
On May 12, 2008, a M8 earthquake occurred in Sichuan Province of China depriving tens of thousands of lives and destroying homes of millions of people. For regions with high death tolls (which include Deyang, Mianyang, Ngawa, Guangyuan), the design PGA for collapse limit state was 12.6%g (Ministry of Construction of the People's Republic of China 2001). The immediate epicentral areas (including Wenchuan and Dujiangyan) and other severely affected regions (such as Beichuan, Shifang, Mianzhu) had a collapse limit of 22.5%g. Noted that greater than 45%g of the PGA was commonly recorded in the aforementioned areas.
Smaller collapse margin?
The Christchurch, Kobe, and Wenchuan earthquake motions could be considered as very low-probability cases and their potentials had likely been ignored in the seismic design for collapse prevention. However, nobody could deny that the consequences are really unbearable to any society nowadays. These events lead us to doubt whether the stipulated level of earthquake protection of buildings is adequate or not.
Buildings should have a small margin against collapses when subjected to the most severe earthquake shaking which is considered possible, while the 1 in 2,500-year motion is just the maximum ground motion ''considered'' by engineers. This poses a scientific question that ''how much is the difference between such motion and the more severe ground motion?'' According to the Supplement to NZS 1170.5:2004 (Standards New Zealand 2004b), the 1 in 10,000-year motion is approximately 40-50% larger than the 1 in 2,500-year motion. As the recorded motions shown in Table 1 are on average 50% higher than the collapse limits (1 in 2,500-year motions), the shaking at Christchurch was probably a 1 in 10,000-year motion. The difference could be larger for regions of low-to-moderate seismicity, in which the ground motion amplitudes increase more rapidly as probability decreases. A hazard study for Hong Kong shows that the 1 in 10,000-year motion estimated on rock sites is around 80% larger than the 1 in 2,500 year one (Tsang and Chandler 2006; Tsang et al. (2010) in press).
Perception of earthquake probability
In fact, the collapse prevention limit should be taken as the 1 in 2,500 year risk level for a particular building, of which the property owner has to bear throughout the whole design life. However, the associated earthquake itself has a much higher probability of occurrence. This is the sparse spatial distribution of earthquake events that lowers the probability of damaging ground motions.
Put this argument in the New Zealand context as example: assuming there were 20 earthquakes with M C 6.3 occurring all over New Zealand in the last 100 years, the annual probability of occurrence of such event is 0.2 (which can be considered as a very frequent event). Based on the total area of New Zealand being around 268,000 km 2 , the probability of such M C 6.3 event occurring within 12 km of Christchurch (as of the one in February 2011) is 0.0017 (i.e. the area ratio). Considering further the relative seismicity within New Zealand (with hazard factor Z ranging from 13%g to 60%g), the relative likelihood of occurrence of such an event at a location with a relatively lower seismicity (Z = 22%g) would be approximately 0.6. Taking into account ground motion uncertainties, there is a 0.5 chance of exceeding the median prediction (i.e., target ground motion). Hence, the total probability of exceeding the target ground motion would be (0.2) (0.0017) (0.6) (0.5) = 0.0001 (i.e., 1 in 10,000 year). This explains why a ''very frequent'' M6.3 earthquake would become a ''very low-probability'' motion.
The concept can be demonstrated in another simple way. If a damaging ground motion has a probability of exceedance of 0.5% in 50 years (1 in 10,000 year) being within a particular city of a country, this seems to be a very rare motion that people living in that city tend to ignore. However, the probability of having such a rare ground motion in all 50 cities of that country (assuming similar seismotectonic environment) will become 22% in 50 years in collective terms. Is that 0.5% still a small number that policy makers can ignore?
Call for action
For a developing country, it may be difficult to stipulate a higher level of protection in design codes. However, for a developed country or city, where resources are comparatively abundant, why do not we provide a higher level of protection for our community? Designing for the 1 in 10,000 year earthquake motion may elevate the building costs by merely a few per cent, which is absolutely acceptable if compared with potential post-earthquake repair or reinstatement costs. Such slight increase in the costs can reduce the collapse margin, and the associated loss of lives, from 2 to 0.5% in a design life of 50 years.
Earthquake shaking exceeding design collapse limits occurs more frequently than expected; it is our perception of earthquake probability that counts. Action is required sooner rather than later to prevent disasters to repeat in other earthquake-prone cities in future.
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